Background: Lennox-Gastaut syndrome (LGS) is a severe form of childhood-onset epilepsy associated with serious injuries due to frequent and severe seizures. Of the antiepileptic drugs (AEDs) approved for LGS, clobazam is a more recent market entrant, having been approved in October 2011. Recent AED budget impact and cost-effectiveness analyses for LGS suggest that adding clobazam to a health plan formulary may result in decreased medical costs; however, research on clinical and economic outcomes and treatment patterns with these AED treatments in LGS is limited. Objectives: To compare the baseline characteristics and treatment patterns of new initiators of clobazam and other AEDs among LGS patients and compare healthcare utilization and costs before and after clobazam initiation among LGS patients. Methods: A retrospective study of probable LGS patients was conducted using the MarketScan® Commercial, Medicare Supplemental, and Medicaid databases (10/1/2010-3/31/2014). Results: In the Commercial/Medicare Supplemental population, clobazam users were younger, had fewer comorbidities, and more prior AED use than non-clobazam users. In the 12 months pre-treatment initiation, clobazam users had significantly more seizure-related inpatient stays and outpatient visits and higher total seizure-related (P < 0.001) and all-cause (P < 0.001) costs than non-clobazam users. Among clobazam users, when compared to the 12 months pre-clobazam initiation, seizure-related medical utilization and costs were lower in the 12 months post-clobazam initiation (P = 0.004). Total all-cause (P < 0.001) and seizure-related (P = 0.029) costs increased post-clobazam initiation mainly due to the increase in outpatient pharmacy costs. Similar results were observed in the Medicaid population. Conclusions: Baseline results suggest a prescribing preference for clobazam in severe LGS patients. Clobazam users had a reduction in seizure-related medical utilization and costs after clobazam initiation. The improvement in medical costs mostly offset the higher prescription costs following clobazam initiation.
Background
Lennox-Gastaut syndrome (LGS) is a severe type of epilepsy with onset in childhood and characterized by intellectual disability, specific electroencephalographic abnormalities, and frequent generalizedonset or sometimes focal-onset seizures [1] .
LGS typically develops before eight years of age, with occurrence rates peaking between three and five years of age; however, late cases in early adulthood have also been reported [1] . Estimated to account for 1-10% of all childhood epilepsies, LGS has a mortality rate between 4% and 7% in patients younger than 11 years of age [2] [3] [4] .
LGS can have a major physical impact due to frequent and severe seizures that increase the likelihood of fall-related injuries. Seizures during the childhood development stage can halt cognitive and social development and lead to behavioral impairment [1, 5] . Cognitive impairment is seen in 75-95% of patients five years after condition onset, and 90% will eventually become intellectually disabled [5, 6] . Additionally, LGS has a significant impact on the health-related quality of life of not only the patient but also their caregiver [7] .
Six antiepileptic drugs (AEDs) have been approved to date by the United States Food and Drug Administration (FDA) for the treatment of LGS: clobazam; clonazepam; felbamate; lamotrigine; topiramate; and rufinamide. Valproate and clorazepate, which are not approved by the FDA for LGS treatment, are routinely used in these patients [8, 9] . Of the approved drugs, clobazam is a more recent market entrant, having been approved in October 2011 for use as an adjunctive treatment for seizures associated with LGS in adults and children two years of age and older.
Clobazam has demonstrated both short-and longterm efficacy in children, adolescents, and adults, and is well tolerated across all ages [10] . Recent AED budget impact and cost-effectiveness analyses for LGS suggest that adding clobazam to a health plan formulary may have a positive overall budget impact through decreased medical costs, as clobazam has been proven efficacious in the treatment of drop seizures, which are a major cause of morbidity and healthcare utilization among these patients [11, 12] . Clobazam has specifically been shown to be more effective and less costly than rufinamide over a two-year period [11] .
Currently, there is limited research on clinical and economic outcomes and a lack of information on treatment patterns with the aforementioned AED treatments in LGS. Therefore, this study had two objectives: (1) to describe the baseline characteristics and treatment patterns of LGS patients treated with clobazam compared to other AED treatments; and (2) to compare healthcare resource utilization and costs before and after treatment among clobazam users.
Methods

Study design
This retrospective longitudinal cohort study used administrative claims data with dates of service from 1 October 2010 through 31 March 2014. The date treatment of interest initiated was set to be the index date. The study enrollment period was between 1 October 2011 and 30 September 2013, allowing a 12-month pre-treatment initiation period (i.e., pre-index) and a minimum sixmonth post-treatment initiation (i.e., post-index) period.
Data source
This study was conducted using three Truven Health MarketScan® claims databases [12] : the Commercial Claims and Encounters Database (Commercial); the Medicare Supplemental and Coordination of Benefits Database (Medicare Supplemental); and the Medicaid Multi-state Database (Medicaid). The Commercial database consists of employer-and health plan-sourced data containing medical and drug claims for over 40 million individuals annually. The Medicare Supplemental database contains the medical and prescription claims of Medicare-eligible persons with supplemental insurance offered by their former employers. There are approximately 4.3 million enrollees annually included in the database. For the purposes of these analyses, the Commercial and Medicare Supplemental databases were combined and a single unique identifier allows for patients to be followed as they move from a Commercial payer to Medicare. The Medicaid database contains the medical and prescription drug experience of Medicaid enrollees in both feefor-service and managed-care plans pooled from 10 to 13 states annually.
Patient identification
Criteria used to identify patients with LGS were based on a previously published algorithm [13] and clinical input (John M. Stern and Vivienne Shen), and are as follows: (1) ≥2 medical claims with a diagnosis of generalized convulsive (International Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM: 345.1x]) or non-convulsive epilepsy (ICD-9-CM: 345.0x) that are ≥30 days apart, or ≥1 medical claim with a diagnosis of generalized convulsive epilepsy (ICD-9-CM: 345.1x) and ≥1 medical claim with a diagnosis of non-convulsive epilepsy (ICD-9-CM: 345.0x) that are ≥30 days apart; (2) ≥1 of the epilepsy diagnosis codes had to be in the primary position; (3) ≥1 medical claim with a diagnosis for developmental disorder or cognitive impairment (ICD-9-CM: 299. 80 Based on the AED treatment initiated during the enrollment window and after the first evidence of LGS diagnosis, patients were further classified into one of two mutually exclusive treatment groups: clobazam or non-clobazam. Patients in the clobazam cohort initiated treatment with clobazam, and may have received prior treatment with another AED. The date of the first clobazam prescription fill was deemed the index date. Patients in the non-clobazam cohort initiated treatment with another AED (clonazepam, felbamate, lamotrigine, rufinamide, topiramate, valproate, or clorazepate). To qualify as the index prescription, the patient had to be naïve to that particular AED (i.e., have no other prescription claims for that AED in the prior 12 months); otherwise, the subsequent AED prescription was evaluated similarly. Lastly, patients must have continuous enrollment in medical and pharmacy benefits for ≥12 months prior to and ≥6 months after the index date. For the pre-and post-clobazam healthcare resource utilization and cost comparison, clobazam patients had to have ≥12 months of post-index continuous enrollment. Patients were excluded if they did not have a qualifying AED prescription during the enrollment window or if they were dually eligible for both Medicare and Medicaid, as prescription claims were not available for these patients.
Study measures
Demographic and clinical characteristics Demographic characteristics, including age, gender, race (Medicaid only), geographic region (Commercial/ Medicare Supplemental only), urban/rural, plan type (Commercial/Medicare Supplemental only), payer type (Commercial/Medicare Supplemental only), capitation, reason for eligibility (Medicaid only), length of followup, and year of index date, were measured on index for each patient. Pre-index clinical characteristics included use of medication classes (other seizure medications, anxiolytics, antipsychotics, and hypnotics), number of unique medication classes used, number of AED drugs of interest, and comorbidities.
Healthcare resource utilization and costs Healthcare resource utilization and costs were conducted from the perspective of a private or governmental insurance plan in the United States. Per-patient allcause and seizure-related healthcare resource utilization and their associated costs were reported by treatment setting (e.g., inpatient, emergency room [ER], physician office, laboratory, radiology, other outpatient, and pharmacy) during the pre-index period and also for the clobazam cohort during the post-index period. Allcause resource utilization included all medical and pharmacy services for any reason during the time period of interest. Medical resource utilization was deemed to be seizure-related if the primary ICD-9-CM diagnosis code on a claim was 345.0x-345.9x, and seizure-related pharmacy services included all prescriptions for the AEDs of interest and other seizure-related medications (Table 1 ). All-cause healthcare costs were costs associated with all utilizations, while seizure-related healthcare costs were costs for all seizure-related utilizations. Costs reflected all payments made to providers of care from both the plan (plan and coordination of benefits) and the patient (copayment, coinsurance, deductible). All costs were adjusted to 2014 United States dollars (USD) using the medical care component of the Bureau of Labor Statistics' Consumer Price Index.
Treatment patterns
Treatment patterns were assessed for both study cohorts during the post-index period and included the number of index AED prescription claims, total days on index drug and all AEDs, changes to the index treatment (i.e., augmentation, switching, discontinuation), and discontinuation from all AEDs. Augmentation was defined as a prescription fill for an alternative AED treatment (one of the seven non-index AEDs) while continuing to fill prescriptions for the index AED. Switching was defined as a prescription fill for a new AED that was different from the index agent, with no further prescription fills for the index AED. Discontinuation from index treatment and from all AEDs was defined as a >30-day period without evidence of having the index AED and or any AEDs on hand respectively.
Statistical analyses
Separate analyses were conducted for the combined Commercial and Medicare Supplemental and Medicaid populations. [14] . PS for each patient was estimated using a logistic regression model that included patients' baseline characteristics as the independent variables and treatment as the dependent variable. Weights were computed as follows: 1 (PS/PS) for clobazam users and PS/(1 − PS) for the non-clobazam users.
As baseline characteristics between the clobazam and non-clobazam cohorts remained unbalanced, for treatment patterns during the post-index period, descriptive statistics were presented for the clobazam and non-clobazam cohorts, and no statistical comparison was performed.
Healthcare resource utilization and costs pre-and post-clobazam initiation Among the clobazam cohort, healthcare resource utilization, and costs pre-and post-treatment initiation were compared. Statistical differences in categorical measures were analyzed using McNemar's tests, count measures using paired t-tests, and costs using Wilcoxon signed-rank tests. (Table 3) . Clobazam users were again younger compared to non-clobazam users (13.7 ± 11.4 vs 24.1 ± 17.9, P < 0.001).
Results
Baseline demographic characteristics
Baseline clinical characteristics
Among the Commercial/Medicare Supplemental patients, compared to the non-clobazam cohort, higher proportions of the clobazam cohort had pre-index prescription fills for AEDs and other seizure-related medications (95.8% vs 77.1%, P < 0.001) and anxiolytics (35.1% vs 28.8%, P = 0.006), and a lower proportion had pre-index prescription fills for antipsychotics (10.3% vs 14.8%, P = 0.008) ( Table 2 ). The clobazam cohort also had evidence of using a higher number of unique AED agents (1.7 ± 1.1 vs 0.5 ± 0.7, P < 0.001) and a lower number of non-AED prescription classes (5.8 ± 4.9 vs 6.6 ± 6.2, P = 0.002) prior to index. Significant differences were observed in the majority of comorbidities assessed, with the prevalence being lower in the clobazam cohort than in the non-clobazam cohort, with the following exceptions: tuberous sclerosis (2.7% vs 0.3%; P < 0.001), cortical dysplasia (3.1% vs 1.2%, P = 0.005), intellectual disorder (25.1% vs 11.3%, P < 0.001), eating disorder (17.8% vs 5.8%, P < 0.001), and digestive/bowel disorder (39.0% vs 33.2%, P = 0.014).
Among LGS Medicaid patients, baseline use of AEDs, other seizure-related medications, and non-AEDs was similar to that observed in the Commercial/Medicare Supplemental patients, with the exception that the clobazam cohort had claims for a similar number of pre-index non-AED prescription classes as the non-clobazam cohort. Baseline comorbidity differences were similar to the Commercial/Medicare Supplemental population with one exception: there was no significant difference in the baseline rates of digestive/bowel disorder between the cohorts.
Baseline seizure-related resource utilization and costs
Commercial/Medicare Supplemental clobazam users had higher pre-index seizure-related resource utilization and associated costs compared to non-clobazam users (Table 4 ). Higher proportions of clobazam users had at least one seizure-related hospitalization (36.8% vs 27.5%, P < 0.001), physician office visit (94.6% vs 78.1%, P < 0.001), neurologist visit (58.8% vs 52.7%, P = 0.012), laboratory visit (43.1% vs 19.8%, P < 0.001), and other outpatient visit (67.5% vs 46.2%, P < 0.001). Clobazam users also had higher average seizure-related total inpatient length of stay (LOS) (2.6 ± 7.6 days vs 1.4 ± 4.7 days, P = 0.001) and higher average numbers of seizure-related visits by setting of care than non-clobazam users.
The higher seizure-related resource utilization among the clobazam cohort led to higher average annual seizurerelated costs over the pre-index period. Average annual pre-index seizure-related total ($33,478 ± $58,431 vs $12,709 ± $36,420, P < 0.001), medical ($24,066 ± $56,142 vs $10,563 ± $35,194, P < 0.001), and prescription ($9411 ± $12,416 vs $2146 ± $5596, P < 0.001) costs were significantly higher for clobazam users compared to non-clobazam users. Pre-index average medical costs by setting of care among patients in the clobazam cohort were two to four times greater than those of the non-clobazam cohort.
Medicaid clobazam users also had higher seizurerelated resource utilization, on average, over the 12-month pre-index period compared to non-clobazam users (Table 4) , with two exceptions. Unlike the Commercial/Medicare Supplemental patients, no significant differences were observed between the proportion of patients with a seizure-related neurologist visit or in the number of primary care provider (PCP) visits. Overall, pre-index cost differences were similar to the Commercial/Medicare Supplemental population, except there were no significant differences between the clobazam and non-clobazam cohorts in the cost of seizure-related neurologist visits. Figure 1 . Non-mutually exclusive sample attrition commercial and medicare patients. Notes: AED -antiepileptic drug. a Continuous enrollment could only be verified for patients with an AED prescription fill within the enrollment window, as only these patients were assigned an index date.
b Not mutually exclusive. Notes: ADHD -attention deficit hyperactivity disorder; AED -antiepileptic drug; CDHP -consumer-driven health plan; EPO -exclusive provider organization; FFS -fee-for-service; GABA -gamma aminobutyric acid; GI -gastrointestinal; GP -general practitioner; HDHP -high-deductible health plan; HMOhealth maintenance organization; NMDA -N-methyl-D-aspartate; POS -point of service; PPO -preferred provider organization; SD -standard deviation; SVP2a -synaptic vesicle protein 2A; TIA -transient ischemic attack. a P < 0.05. P-values were obtained using Chi-square tests for categorical variables and t-tests for continuous variables. Fisher's exact test was used where Chisquare test was not valid due to cells having fewer than expected counts. b Less than 5% of patients in both cohorts received T-type calcium channel, GABA reuptake inhibitor, barbiturate, carbonic anhydrase inhibitor, and K-channel opener. c Less than 5% of patients in both cohorts had a diagnosis of cortical dysplasia, tuberous sclerosis, brain lesions, heart failure, and chronic renal disease. Bold text indicates a statistically significant difference with a p-value < 0.05. Notes: ADHD -attention deficit hyperactivity disorder; AED -antiepileptic drug; GI -gastrointestinal; GP -general practitioner; NMDA -N-methyl-Daspartate; SD -standard deviation; SVP2a -synaptic vesicle protein 2A; SD -standard deviation; TIA -transient ischemic attack. a P < 0.05. P-values were obtained using Chi-square tests for categorical variables and t-tests for continuous variables. Fisher's exact test was used where Chisquare test was not valid due to cells having fewer than expected counts. b Other includes aged individual, adult (not based on unemployed status), foster care child, and eligibility status unknown. c Less than 5% of patients in both cohorts received T-type calcium channel, GABA reuptake inhibitor, barbiturate, carbonic anhydrase inhibitor, and K-channel opener. d Less than 5% of patients in both cohorts had a diagnosis of cortical dysplasia, tuberous sclerosis, brain lesions, heart failure, chronic renal disease, and coronary heart disease. Bold text indicates a statistically significant difference with a p-value < 0.05. Baseline all-cause resource utilization and costs Commercial/Medicare Supplemental clobazam users had higher all-cause resource utilization and associated costs, on average, over the 12-month pre-index period compared to non-clobazam users (Tables 4 and 5 ). Higher proportions of clobazam users had at least one physician office visit (99.7% vs 98.3%, P = 0.016) and laboratory visit (68.8% vs 62.9%, P = 0.012) any time during the pre-index period compared to non-clobazam users. However, the proportion of patients with at least one all-cause ER visit (56.4% vs 69.8%, P < 0.001) and radiology visit (43.2% vs 55.5%, P < 0.001) was lower among clobazam users than nonclobazam users. The average number of neurologist visits (2.2 ± 2.5 vs 1.9 ± 2.3, P = 0.010), laboratory visits (2.3 ± 3.0 vs 1.9 ± 3.0, P = 0.002), and other outpatient visits (33.0 ± 52.3 vs 18.1 ± 31.3, P < 0.001) was higher for clobazam users than non-clobazam users. Average annual pre-index all-cause total ($73,486 ± $110,918 vs $49,632 ± $89,843, P < 0.001), medical ($58,116 ± $100,102 vs $43,866 ± $86,376, P < 0.001), and prescription ($15,370 ± $36,617 vs $5766 ± $18,940, P < 0.001) costs were significantly higher for clobazam users compared to non-clobazam users. Overall, Medicaid clobazam users also had higher allcause resource utilization and total all-cause costs, on average, over the 12-month pre-index period compared to non-clobazam users (Tables 4 and 5 ). 
Treatment patterns: clobazam and non-clobazam users
Clinically and statistically significant differences were observed between the baseline demographic and clinical profiles of clobazam and non-clobazam users. Therefore, adjustments to ameliorate selection bias prior to comparison of outcomes were required. Assessment of the standardized mean differences after applying the standardized mortality ratio weighting showed that many of the baseline characteristics remained unbalanced between the cohorts. Additional assessments were performed including limiting the study population and matching on few variables before the standardized mortality ratio weighting; however, regardless of method, the baseline characteristics between the clobazam and non-clobazam cohorts remained unbalanced (results not shown). Therefore, no meaningful statistical inference can be drawn on the comparison of the clobazam and non-clobazam users, so only univariate analyses were performed and reported for the assessment of treatment patterns. Among the Commercial/Medicare Supplemental population, over the six months post-index, clobazam users had, on average, 5.5 (±2.6) clobazam prescription fills and stayed on treatment for an average of 140 (±50.8) days and on all AED treatment for an average of 166.0 (±29.6) days (Table 6 ). Non-clobazam users had, on average, 4.6 (±2.8) index prescription fills and stayed on index treatment for an average of 119.5 (±62.6) days and on all AED treatment for an average of 138.4 (±54.0) days over the same post-index period. Assessment of changes to the index therapy showed that within the clobazam cohort, 11.4% augmented, 27.5% discontinued, and 56.3% continued clobazam therapy. Among the non-clobazam users, 9.2% augmented, 38.4% discontinued, and 45.9% continued their index therapy. Approximately 11.5% of clobazam users and 33.1% of non-clobazam users discontinued all AED therapy during the six-month post-index period. Results over 12-months post-index treatment were consistent with the six-month results.
Among Medicaid patients, clobazam users had, on average, 5.7 (±2.6) index prescription fills and stayed on clobazam for an average of 138.7 (±51.5) days and on any AED for an average of 164.4 (±33.3) days over the six months of the post-index period (Table 6) Notes: AED -antiepileptic drug; SD -standard deviation. a Eight AEDs were considered in the study.
least one clobazam prescription between 6 and 12 months post-index. Seizure-related and all-cause healthcare utilization data for the 12-month pre-and post-clobazam initiation periods are presented in Figures 2-5 , while associated costs are presented in Table 7 .
Seizure-related resource utilization and costs
The proportions of patients hospitalized (38.2% vs 30.9%, P = 0.032) and receiving ER care (31.9% vs 18.5%, P < 0.001) post-clobazam initiation were lower compared with the period prior to clobazam initiation among the Commercial and Medicare Supplemental population ( Figure 2 ). The mean numbers of seizurerelated inpatient stays (0.7 ± 1.3 vs 0.5 ± 1.1, P = 0.008), ER visits (0.7 ± 1.4 vs 0.4 ± 1.2, P < 0.001), and neurologist visits (2.0 ± 2.3 vs 1.7 ± 2.0, P = 0.011) were also significantly lower post-clobazam initiation (Figure 3) . Finally, the mean number of unique concomitant AED agents (excluding clobazam) decreased post-clobazam initiation (1.7 ± 1.1 vs 1.5 ± 1.0, P < 0.001). Average annual seizure-related medical costs were significantly lower post-clobazam initiation ($23,740 ± $52,288 vs $19,958 ± $43,090, P = 0.004), driven by lower seizure-related ER ($908 ± $2612 vs $662 ± $3441, P = 0.002) and physician office visit ($1873 ± $4673 vs $1278 ± $1981, P = 0.005) costs (Table 7) . However, there were significantly higher seizure-related prescription costs in the post-index period ($9549 ± $12,578 vs $15,125 ± $13,735, P < 0.001), which resulted in significantly higher average annual seizure-related total costs compared to before initiation ($33,289 ± $54,938 vs $35,083 ± $46,149, P = 0.029).
Among Medicaid patients, similar trends in seizurerelated resource utilization and costs were observed over the 12 months post-clobazam initiation compared to preclobazam initiation. However, while the proportion of patients with lab visits did not differ, and average utilization for other outpatient services significantly increased post-clobazam initiation. Also in this population, the reduction in medical costs was driven predominantly by a reduction in seizure-related hospitalization costs.
All-cause resource utilization and costs
In the 12 months following clobazam initiation, there were no significant differences in the proportions of Commercial and Medicare Supplemental patients with all-cause resource utilization in specific settings compared with the 12 months prior to clobazam initiation ( Figure 4) . The mean number of neurologist visits (2.4 ± 2.5 vs 2.0 ± 2.2, P = 0.003) and PCP visits over 12 months significantly decreased (2.1 ± 4.1 vs 1.7 ± 3.2, P = 0.009) post-clobazam initiation compared with pre-clobazam initiation, while the number of other outpatient visits increased (33.4 ± 53.4 vs 38.9 ± 60.9, P = 0.004) ( Figure 5 ). Average annual all-cause medical costs were not significantly different post-clobazam initiation ($57,090 ± $107,206 vs $59,292 ± $93,302, P = 0.411) ( Table 7) . However, there were significantly higher allcause prescription costs post-clobazam initiation ($16,229 ± $35,832 vs $22,098 ± $44,556, P < 0.001), resulting in significantly higher average annual all-cause total costs compared to pre-clobazam initiation ($73,319 ± $117,534 vs $81,389 ± $110,776, P < 0.001).
Among Medicaid patients, the proportion of patients with at least one hospitalization and neurologist visit significantly decreased from pre-to post- 
Discussion
This study demonstrated that there are key differences in the demographic and clinical characteristics of probable LGS patients initiating treatment with clobazam compared to those initiating other AEDs in both the Commercial/Medicare Supplemental and Medicaid populations under study. Treatment patterns associated with the index AED and overall AED use also differed between these patients. In addition, among patients treated with clobazam, both seizure-related healthcare utilization and its associated medical costs declined when compared to an equivalent 12-month period prior to treatment initiation.
Patients who initiated treatment with clobazam were younger and received more seizure-related clinical care prior to treatment initiation than those who initiated treatment with alternative AEDs. Prior to treatment initiation, clobazam patients also had higher seizure-related healthcare utilization and incurred both higher all-cause and seizure-related costs compared to those treated with other AEDs. Results were presented for the overall population due to the similar trend observed when clobazam and non-clobazam patients were compared in pediatric and adult cohorts (analysis not presented).
Several statistical methods were employed in an attempt to create comparability between the baseline characteristics of the clobazam and non-clobazam cohorts; however, none were successful. These results highlight that LGS patients enrolled in this sample of employer-sponsored and Medicaid benefit plans and initiating clobazam treatment compared to other AED treatments during the same time period have greater disease severity, which suggests a physician prescribing preference for clobazam in LGS patients who have more severe epilepsy. Similar findings were observed in a database study conducted in adult epilepsy patients in the United Kingdom (UK). In that study, prior to treatment initiation, patients initiating clobazam treatment were younger and had greater use of concomitant AEDs than those receiving clonazepam [15] .
Treatment pattern results were not statistically compared between the clobazam and non-clobazam cohorts due to the differences described; however, the unadjusted results indicate that patients treated with clobazam discontinued or switched treatment less often and stayed on treatment longer relative to patients initiating treatment with alternative AEDs. The lower rate of treatment discontinuation and switch among the clobazam users may be due to better treatment benefit with clobazam, resulting in patients remaining on treatment longer. Adverse events profile of these drugs might have also affected the rate of treatment discontinuation and switch. Treatment patterns in LGS patients have not been extensively evaluated; although in the UK study noted above, treatment duration differed from that reported in the current study [15] . The median treatment duration was similar between the epilepsy patients treated with clobazam or clonazepam. The observed differences could be a result of the duration of follow-up; the current study evaluated treatment patterns over both a 6-and 12-month period, while average follow-up in the UK study was at least five years.
Among patients treated with clobazam, healthcare resource utilization and its associated costs were compared among clobazam users at 12 months pre-and post-clobazam initiation. Results showed that all-cause and seizure-related resource utilization was significantly reduced post-clobazam initiation. Higher prescription costs post-clobazam initiation was mostly offset by the reduction in medical costs, due in part to a reduction in seizure-related hospitalizations and ER visits. These results are also consistent with previous findings that clobazam could have a positive overall economic impact through decreased seizure-related medical costs [11, 12] . In addition to decreased seizure-related medical costs, clobazam may also have an impact on indirect costs, such as decreased caregiver time, resulting in less productivity loss, and decreased long-term disability due to head injury for children [16] . This study has inherent limitations due to the use of claims data. There is no specific ICD-9-CM diagnosis code for LGS, and while the patient identification algorithm used in this investigation was based on previously published criteria and clinical opinion, misclassification of LGS patients might still be present. However, our results still provide valuable insight into the use of AED and impact of clobazam on costs in LGS patients. Baseline characteristics of clobazam and nonclobazam users indicate that these are patients with different disease severity, and statistical methods employed to remove these differences were unsuccessful. As a result, differences in post-index measures could not be evaluated between the clobazam and non-clobazam cohorts. Furthermore, clinical data are unavailable in the database; therefore, clinical observations that might influence physicians to prescribe one AED vs another could not be evaluated, and instead proxy measures of baseline disease severity and comorbidity were used. Another limitation is the pre-and post-treatment design, which has a potential for regression to the mean effect. However, this bias is more likely to occur when there is a treatment switch during an acute episode, such as in schizophrenia [17] , than in the case of LGS, a chronic condition in which clobazam is often added to existing treatments. Finally, since the analysis focused on burden specific to medical resource use, it provides no insight into the relative impact of clobazam and other AEDs with respect to Figure 5 . Mean number of all-cause healthcare services utilized pre-vs post-clobazam. Notes: ER -emergency room; PCP -primary care physician. P-values in bold < 0.05. P-values for count variables were obtained using paired t-tests to account for pre-post design.
clinically important outcomes such as patient quality of life, activities of daily living, and caregiver burden.
Conclusions
Baseline comparisons suggest a prescribing preference for clobazam in LGS patients with more severe disease, regardless of whether the patient has healthcare benefits provided through private or public payers. The inability to eliminate selection bias further emphasizes the differences between the clobazam and non-clobazam treated cohorts. Regardless, clobazam users did have significant improvement in seizure-related resource utilization and medical costs post-clobazam initiation compared to the year prior to clobazam initiation. 
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